To determine risk factors for diarrhea, the authors followed an open cohort of 1,314 children from Guinea-Bissau by weekly diarrhea recall interviews between April 1987 and March 1990. Data on feeding practices and measles infection were available for all children and, for 531 children, comprehensive data on explanatory variables were recorded. Of 57 variables, seven were independently associated with an increased incidence of diarrhea. These were a recent (in the past 14 days) diarrheal episode, male sex, being weaned from breast milk, not being looked after by the mother, head of the household being <30 years old, eating cold leftovers, and drinking water from an unprotected public water supply. In breastfed children, only three variables were associated with diarrhea, including prior diarrhea, male sex, and not being looked after by the mother. Among weaned children, six variables delineated increased rates of diarrhea, including unprotected public water supply, eating of cold leftovers, and lack of maternal education. Major determinants of persistent diarrhea included weaning, lack of maternal education, and having pigs in the home. It is concluded that, in addition to the promotion of breastfeeding, important interventions against diarrhea include improvements in water supply, hygiene, and food handling. However, because of effect modification by breastfeeding, the largest effects of these interventions will probably be among weaned children. Am J Epidemiol 1997;146: 273-82. breast feeding; cohort studies; Cryptosporidium; diarrhea, infantile; incidence; preventive health services Several studies have investigated risk factors for childhood diarrhea, a major cause of mortality among children in the less developed countries (1). These studies have, in particular, addressed domestic and environmental factors (2-5), including water and sanitation (6), or factors related to the mother's hygienic practices and knowledge (7-9). The impact of feeding practices, in particular, weaning practices and breastfeeding, has also been addressed (10), whereas other studies have investigated anthropometric nutritional status as a risk factor for diarrhea (11, 12) . Crosssectional surveys have identified risk factors for prevalent cases (5, 13, 14), but incidence data better reflect the risk of acquiring diarrhea. Although well-designed case-control studies may reliably assess the risk for incident cases (3, 4, 8, 15, 16) , there are inherent methodological problems in the collection of exposure Received for publication November 21, 1996, and accepted for publication March 26, 1997.
data and the selection of controls. While cohort studies have the potential of yielding the most reliable data assessing risk factors for diarrhea, only a few longitudinal studies from Africa have identified determinants for diarrhea based on the collection of a large range of exposure variables (17, 18) .
This 3-year open cohort study of children <4 years of age from periurban Guinea-Bissau examined a large range of possible risk factors for diarrheal diseases.
MATERIALS AND METHODS Fieldwork
The community-based study, which has been described elsewhere in detail, was conducted in a periurban district, Bandim II, in the capital of . All children born after June 1984, residing in or moving to 301 randomly sampled houses, were included in the study that started in April 1987 and ended in March 1990. Children who moved within the study area were followed from their new homes. The children were excluded from the study in their fourth year of life. Information on child morbidity and feeding patterns was obtained by weekly household interviews. The study included 1,314 chil-dren followed for 1,031 child-years at risk. The median follow-up time per child was 242 days (interquartile range, 102-438 days). The birth date, sex of child, and twinning status were available for all children, and information on feeding mode (exclusively breastfed, partially breastfed, or weaned) and measles infection was updated throughout the follow-up.
Weight and length were obtained at intervals of approximately 3 months. While nude or dressed in underwear, each child was weighed with a portable Salter-type spring scale to the nearest 0.1 kg, and the child's recumbent length (or stature for children above 2 years) was measured using a portable measuring board. Information on birth weight was available for 411 children born at the central hospital in Bissau; 51 had birth weight below 2,500 g.
In a series of background interviews conducted in the first year of the study, we obtained data on the characteristics of the household (including water supply, sanitation, and domestic animals) and the mother. These data were available for 707 and 688 children, respectively. Comprehensive background information, including information on the child's relation to the caretaker, was available for 531 children. This part of the data set (51.3 percent of the person-time), containing information about 57 exposure variables, was used for the main multivariate model. A list of these variables may be obtained from the authors.
Data analysis
A sequence of days with diarrhea was regarded as one episode, provided it was separated from previous episodes by at least 2 diarrhea-free days. The persontime at risk was calculated as the observed days at risk between episodes. The number of initiated episodes and the person-time at risk were then classified by the age of the child (intervals of 60 days for infants; intervals of 180 days for children 2:360 days of age). An episode of persistent diarrhea was an episode with a duration of 14 days or more (22) .
Bivariate analyses, adjusting for age, were carried out for all exploratory variables. A level of significance of 0.10 was selected for including variables in multivariate modeling, which was done separately in the three major clusters of exposure variables (characteristics of the child, the household, and the mother). The three models were reduced by backward stepwise regression analyses. Finally, significant variables from each of the three groups were fitted into a full model, which was reduced to obtain the main model.
The effects of measles infection and nutritional status (birth weight < 2,500 g, weight-for-age, heightfor-age, or weight-for-height < -2 Z scores of the National Center for Health Statistics reference values (23)) were evaluated in models with the major determinants from the analysis above as confounders. Specifically, the nutritional indices were included as timedependent variables. Observations on morbidity prior to anthropometric measurements or more than 90 days following a measurement were excluded.
The analysis of risk factors for persistent diarrhea had a considerably lower number of outcomes and was conducted in a multivariate model with age intervals of 180 days. Because of the lower number of persistent episodes, a p value of <0.20 was chosen as the cutoff for the model. We also adjusted for low height-for-age because of the importance of chronic malnutrition in the pathogenesis of persistent diarrhea (11, 24, 25) .
All the analyses were conducted by marginal Poisson regression of the diarrhea rates. The generalized estimating equations method (26) was used. This method is essentially a Poisson regression that accounts for the intrachild correlation treated as a nuisance. This was a sensible approach as the primary interest was in the influence of risk factors for diarrheal diseases. The estimated regression coefficients in this method share the same interpretation as the estimated regression coefficient from the usual Poisson regression for independent observations, namely, as log rate ratios. Hypothesis testing was carried out by the Wald test. The p value for exclusion of multivariate models was 0.10.
RESULTS

Incidence and duration of diarrheal diseases
A total of 10,485 episodes of diarrhea initiated on 376,475 days at risk yielded an incidence of 10.2 episodes per child-year at risk. Figure 1 shows the ageand sex-specific incidence. The highest incidence, 13.0 episodes per child-year at risk, occurred in the 6-to 11-month age group. The median duration of diarrheal episodes was 3 days (interquartile range, 2-6 days). Of all episodes, 1,739 (16.6 percent) had a duration of between 7 and 13 days, and 536 (5.1 percent) had a duration of 2:14 days. Persistent episodes accounted for 22.3 percent of all days with diarrhea. The total number of days with diarrhea divided by the total number of days of observation (the "longitudinal prevalence" (27) ) was 12.2 percent. Figure 2 shows the incidence of diarrheal diseases and monthly rainfall during the 3 years. In all 3 years, the incidence of diarrhea was highest in the months before the maximum rainfall, with the exception of 1988 when an epidemic of diarrhea occurred in November and December. The age-adjusted rate ratio was 1.22 (95 percent confidence interval (CI) 1.16- 
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Risk factors for diarrheal diseases
Of the 57 exposure variables included, 15 had a p value of ^0.10 in the initial bivariate analyses. Table  1 shows age-adjusted and multivariate analyses of child-related determinants. Diarrhea in the past 14 days (RR = 1.90) was a major risk factor. Higher rates of diarrhea were also observed in partially breastfed or weaned children, among boys, in children who were not looked after by their mother, and among individuals with low height-for-age (i.e., stunted children). Multivariate model A (table 1) investigated the association between low height-for-age and diarrhea, adjusting for age, sex, previous diarrhea, and feeding mode. Stunted children had a rate ratio of 1.11 (95 percent CI 1.00-1.23, p = 0.045). Finally, model B included information on the caretaker. Inclusion of this variable resulted in a substantial loss of data. Nevertheless, the effect of feeding practices remained highly significant (p = 0.0001). In this subset of the data, the main contrast was between breastfed and weaned children, not between exclusively and partially breastfed children. Table 2 shows age-adjusted bivariate and multivariate analyses of environmental, domestic, and maternal risk factors. There was an increased rate of diarrhea in children from households headed by a person under 30 years of age, households with domestic animals, and families who had the practice of eating cold leftovers. Diarrheal rates were reduced among children from families who prepared at least two meals per day. There was, in addition, a strong and independent association with the type and ownership of water supply, with a 1.4 rate ratio among children from families with a public, unprotected water supply compared with those who used their own, protected supply.
Among the maternal factors there were independent associations between diarrheal rates and the mother's ethnic group and education. Specifically, children of mothers who had S:7 years in school had a 25 percent reduced diarrheal rate. None of the variables related to the father were associated with diarrhea.
All variables from the three groups (i.e., child, household, and maternal factors) were fitted into a single multivariate model, which was reduced by stepwise exclusion of nonsignificant exposure variables. Table 3 shows the main model that included seven variables. Diarrhea in the past 14 days, male sex, being a child weaned from breast milk, not looked after by the child's mother, having a young head of household, eating of cold leftovers, and drinking from an unpro- tected water supply were all associated with increased rates of diarrhea.
Risk factors for diarrheal diseases in breastfed and weaned children
Several of the factors examined in the initial exploratory analyses exhibited significant interactions with age (data not shown). Age as an effect modifier may indicate that different sets of risk factors might be present in breastfed and weaned children. Table 4 shows multivariate models stratified by breast feeding. Previous diarrhea was a major risk factor in both groups. Among breastfed children, boys and children who were not taken care of by their mother had higher rates of diarrhea. Among weaned children, the eating of cold leftovers, lack of maternal education, age of family head being less than 30 years, and drinking from an unprotected water supply independently demonstrated an increased risk for diarrhea. Table 5 summarizes risk factors for persistent diarrhea. The analysis included 648 children. Most (75.2 percent) of the children did not experience persistent diarrhea, while 251 episodes were recorded among 161 of the children. Children with a recent episode of diarrhea and weaned children had increased rates of persistent diarrhea, and children of educated mothers had a lower incidence of persistent diarrhea. There was also a tendency of an increased rate in children from families possessing pigs.
Risk factors for persistent diarrhea
DISCUSSION
Diarrhea] diseases remain a major cause of child morbidity and mortality in low-income societies, and the aim of the present study was to identify risk factors to improve health care and aid impact assessment of interventions. Of the 57 exposure variables included in the analyses, only a few exhibited strong associations with diarrheal rates. A previous recent diarrhea! illness t Numbers in parentheses, 95% confidence interval, i A protected supply was defined as a tap, a hand pump, or a shallow well with intact apron.
seemed to be the major factor, even after adjusting for intrachild correlation by the generalized estimating equations method. This has been demonstrated in a few other studies (12, 28, 29) and is open to alternative explanations as stressed by Black (30) . It is possible that a diarrheal episode may alter the host defenses directly by damage to the intestinal epithelium or indirectly by a decrease in immune responsiveness to subsequent infection. Diarrheal losses of micronutrients such as zinc may impair recovery of the intestinal mucosa, compromise the immune response, and increase the risk of another diarrhea] episode (31) . The importance of breastfeeding in the prevention of diarrheal diseases and, in particular, of persistent diarrhea is emphasized by the present study. Breastfeeding patterns in Guinea-Bissau are characterized by nearly universal initiation and high rates of prolonged breastfeeding (32, 33) . In addition to maternal milk, most children receive water from their first month of life. As early as 3 months of age, half of the children receive supplements of solids or gruels, which may have been stored for some time at ambient temperature. The beneficial effect of prolonged breastfeeding has been discussed previously (21) . However, breastfeeding may also be an effect modifier of other risk factors for diarrhea, which is one of the main conclusions from the present study (table 5) . Only a few risk factors were found for breastfed children. The lower incidence among children who were looked after by their mothers may be related to the quantity of breast milk consumed; that is, a mother who spends most of her day together with her child may breastfeed more frequently than a mother who is away from her child for several hours during the daytime. The fact that there was no difference in the effects of being cared for by an older sibling or another person supports this interpretation. Bukenya and Nwokolo (15) from Papua New Guinea found an increased risk of diarrhea when the mother had been temporarily absent, and Taylor et al. (14) from Grenada found an increased diarrhea prevalence when a child was caretaker. It was striking that there were no associations with socioeconomic or environmental variables nor was there any apparent relation between maternal education and diarrhea as long as the children were breastfed children. By contrast, in fully weaned children, there were strong and independent associations with several socioeconomic, domestic, and environmental variables. These included the type and ownership of water supply, eating of cold leftovers, and the mother's ethnic group and education. Effect modification by breastfeeding (or age, as a proxy for feeding practices) has not been sufficiently addressed in other observational or intervention studies of diarrheal diseases. It is obviously of interest to be aware of such interactions, in particular, if the aim of a health program is to target vulnerable groups such as infants. The large variation in the magnitude of the reported effects of water and sanitation programs may to some degree be explained by effect modification (6) . While an interaction between different environmental interventions has been discussed in a paper by VanDerslice and Briscoe (34) , there has been little attention to effect modification by breastfeeding. For example, an evaluation of a water and sanitation project with a health education component from Bangladesh found an impact on the incidence of diarrhea in children over 6 months but not in younger, breastfed infants (35) . Regarding ownership of water as a proxy for quantity and accessibility, the finding of an effect of ownership and type of water supply is in line with the experience from water and sanitation programs (6) .
Of the other variables from the household cluster, we found that eating of cold leftovers increased diarrheal rates. Previous studies have suggested that storage of food for later consumption is a risk factor for diarrheal diseases (2, 15, 36) . This issue has received little attention in intervention programs. According to our data, improved food hygiene may decrease diarrheal rates primarily in older, fully weaned children. 
Nutritional status
Malnutrition as a risk factor for diarrhea has been investigated in many studies. Whereas some have reported a higher incidence of diarrhea in malnourished children (11, 12, (37) (38) (39) , others have been unable to demonstrate such an association (40) or have found a more striking relation with episode duration (28, 41, 42) . We found a tendency of an increased incidence of diarrhea in stunted children. The effects of malnutrition were not strong enough to be included in the final multivariate model. This does not preclude that there is a real, albeit modest increase in the overall rates of diarrhea in malnourished children. As mentioned, there were relatively sparse data in the full multivariate model that included information on only 531 children.
Persistent diarrhea
In Guinea-Bissau, persistent diarrhea accounts for only 5 percent of diarrheal episodes. Nevertheless, these episodes contribute almost 1 of 4 prevalent days and more than 50 percent of deaths from diarrhea (19) . These findings are in line with other recent studies of persistent diarrhea (43, 44) . Prevention and treatment of persistent diarrhea are now recognized as a major challenge for the health care system in low income societies (30) . The strong association between persistent diarrhea and prior diarrheal disease and young age corroborates studies from Peru, Bangladesh, and India (24, 29, 30, 45) . Furthermore, we found increased rates of persistent diarrhea in children from households keeping pigs, although the confidence interval was wide (RR = 1.44, 95 percent Cl 0.93-2.22). We have previously demonstrated an increased risk of cryptosporidiosis in households with pigs (46) and shown that Cryptosporidium is a major cause of persistent diarrhea and mortality in early childhood (20) . In Guinea-Bissau, pigs are not usually kept in pigsties; they roam in the close surroundings of the houses and often sleep in the same room as the humans. Although the keeping of animals may be a proxy for overall poor hygiene, it is more likely that the association between pigs and persistent diarrhea is a reflection of the significance of cryptosporidiosis and perhaps other zoonotic infections. Animal keeping has previously been identified as a risk factor for child mortality (21, 47) and morbidity (2) . We suggest that control of domestic animals may be a potential measure in the prevention of childhood diarrhea that should be further investigated.
Except for having pigs in the home, none of the domestic or environmental variables were risk factors for persistent diarrhea. This may suggest that host-and care-related factors are the most important determinants of persistent diarrhea. Improved case management of acute diarrhea, improved nutrition including breastfeeding, and prevention of malnutrition are likely to be preventive measures against persistent diarrhea.
Conclusions
Promotion of breastfeeding remains the major preventive measure against diarrhea in developing countries. In Guinea-Bissau, where breastfeeding was nearly universal and prolonged for most (but not all) children, this may be achieved by discouraging the cessation of breastfeeding associated with disease of the child or the mother. This accounts for a large part of premature terminations of lactation (33) . Furthermore, breastfeeding modifies the effect of other important determinants. Because of this effect modification, the largest effect of improvements in water supply, food hygiene, and other environmental interventions will probably be among weaned children. However, breastfeeding patterns vary among countries, and programs for the reduction of morbidity from diarrhea may need to adapt their strategy accordingly. Thus, in areas with a shorter duration of breastfeeding, domestic and environmental interventions may be more important for infants than in areas with prolonged breastfeeding. The different epidemiology of diarrhea between weaned and breastfed children may have significant implications for future studies of diarrheal diseases in developing countries.
